.
Biosynthesis of UDP-glucuronic acid in plants proceeds via UDP-glucose' oxidation or via MIl biosynthesis followed by MI oxidation (17) . There is mounting evidence that the MI oxidation pathway is the major path of carbon from hexose to uronic acid and pentose components of plant polysaccharides during certain stages of development (17. 30) , while at other stages oxidation of UDP-glucose appears to predominate (28, 29) . Information regarding the activities of phosphoglucomutase, UDP-glucose pyrophosphorylase, UDP-glucose dehydrogenase, and glucuronokinase in Liliumz longifloruin pollen has been gathered by Dickinson and his colleagues (8) (9) (10) 16) . The activities of MI oxygenase and UDP-glucuronic acid pyrophosphorylase have not been studied in pollen but have been reported in other plant tissues (15, 27, 28) . Regulation of these two pathways may play a major role in the metabolic control of carbohydrate interconversions associated with plant growth (22) .
Feedback inhibition contributes to the control of enzymes involved in the UDP-glucose oxidation pathway. In L. Iongiflorum pollen and in other tissues, both UDP-glucose pyrophosphorylase and UDP-glucose dehydrogenase are inhibited by UDP-glucose, UDP-galactose, UDP-xylose, UDP-glucuronic acid, and UDP-galacturonic acid. UDP-arabinose also inhibits the second enzyme, and UDP-xylose is a particularly effective allosteric inhibitor of it (5, 8, 16, 21 associated with the MI oxidation pathway. MI oxygenase from rat kidney is inhibited by D-and L-mnyo-inosose-1, inyo-inosose-2, and D-and L-epi-inosose-2 (6). Glucuronokinase from L. iongiflorum pollen is inhibited by glucuronic acid 1-phosphate and UDP-glucuronic acid (10) . No inhibition is observed in the activity of UDP-glucuronic acid pyrophosphorylase from barley seedlings when this enzyme is tested in the present of 2 mM glucose, glucose 6-phosphate, glucose 1-phosphate, MI or glucuronic acid or in the presence of 1 mm UDP-xylose, UDP-glucose, UDP-galacturonic acid, or UDP-glucuronic acid (28) .
Phosphoglucomutase is competitively inhibited by excessive concentrations of its substrates, glucose 1-phosphate and glucose 1 , 6-diphosphate (26) . Glucuronic acid 1-phosphate binds to this enzyme and may prove to be a comnpetitive inhibitor (25) .
The present report examines the inhibitory properties of intermediates and products of the two biosynthetic pathways to UDP-glucuronic acid toward MI 1-phosphate synthase, the first enzyme of the MI oxidation pathway, and compares the specific activity of this enzyme with those of other enzymes of the two pathways in so far as data are available.
MATERIALS AND METHODS MI 1-phosphate synthase was prepared from Acer pseudoplatanus cells as previously described (18) Experience has shown that active preparations of enzyme may be obtained from cells harvested and stored at -20 C for 8 months. The ammonium sulfate step of purification is also stable when stored as a frozen solution at -20 C for several months.
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In the enzyme assay for MI 1-phosphate synthase, 3.61 /smoles of glucose-l-14C 6-phosphate (10' cpm), 1.5 ,umoles of NAD+, 7.2 ptmoles of NH,C1, 50 ,umoles of tris-HCI buffer at pH 8.0, and enzyme in a total of 1.5 ml were incubated for 2.5 hr at 30 C. Analysis of the product was as previously de- scribed (18, 19) . In kinetic experiments, 1-hr incubations were used rather than 2.5-hr incubations to determine initial velocities. Enzymic activity remained linear up to 2.5 hr. To assay samples containing added MI, it was necessary to substitute paper chromatography in one direction for the regular two dimensional TLC. In these assays, separation was made on Whatman No. 1 paper in ethyl acetate-pyridine-water (10: 6: 5, v/v) for 20 hr. The MI area was cut out and assayed for radioactivity.
All samples were assayed for radioactivity by liquid scintillation counting with a toluene-Triton X-100 mixture (1:0.5, v/v) containing 4 The low activity of MI 1-phosphate synthase posed the question of the existence of an unfavorable equilibrium due to reversibility of this enzyme. To test this, A. pseudoplatanus synthase was incubated with 1 L-MI-U-"C 1-phosphate and NAD+. In duplicate experiments, 99% of the counts were recovered in MI 1-phosphate from both active enzyme and boiled control. The other 1 %, recovered as glucose 6-phosphate, was no larger than the original contamination. The experimental error was such that a reverse reaction of less than 5% of the forward reaction would be detected. Therefore the low activity of the synthase was not a result of significant reversibility. The partial reaction of glucose 6-phosphate to 5-ketoglucose 6-phosphate has been shown reversible, using rat testis cycloaldolase, by Barnett et (20) . Mannose 6-phosphate also inhibited but at a much higher concentration. Both compounds inhibited A. pseudoplatanus synthase as determined by the radioisotope assay procedure. A degree of caution is needed, however, in accepting this observation without further study, since both glucose 6-phosphate isomerase and mannose 6-phosphate isomerase activities were detected in preparations of enzyme used in the present study. Unlabeled glucose 6-phosphate, formed by the action of these isomerases, would dilute the labeled substrate used in the assay and reduce the number of counts recovered as product, an effect indistinguishable from true inhibition by this assay.
It is interesting to note that among the compounds tested for inhibition, those with a substitution at carbon 1 showed little or no inhibition. Galacturonic acid, the carbon 4 epimer of glucuronic acid, also failed to inhibit. In a similar vein, Mogyoros et al. (20) found galactose 6-phosphate in contrast to fructose 6-phosphate, a very weak inhibitor. D-2-Deoxyglucose 6-phosphate, a substrate analog and a powerful competitive inhibitor of rat liver synthase (3), also inhibited the plant enzyme. Another analog, the phosphorylated derivative of the adduct of glucose and 3-aminotriazole, acts as a noncompetitive inhibitor (14) .
Compared to the extensive feedback control which is found in the sugar nucleotide oxidation pathway, relatively little control appears in the MI oxidation pathway. Thus, the latter provides an alternative for biosynthesis of (23) are beyond the scope of this discussion.
